Quantitative analysis of reflection electron energy loss spectra to determine electronic and optical properties of Fe–Ni alloy thin films by Tahir, Dahlang et al.
Syddansk Universitet
Quantitative analysis of reflection electron energy loss spectra to determine electronic
and optical properties of Fe–Ni alloy thin films
Tahir, Dahlang; Oh, Suhk Kun; Kang, Hee Jae; Tougaard, Sven Mosbæk
Published in:
Journal of Electron Spectroscopy and Related Phenomena
Publication date:
2016
Document version
Final published version
Citation for pulished version (APA):
Tahir, D., Oh, S. K., Kang, H. J., & Tougaard, S. M. (2016). Quantitative analysis of reflection electron energy
loss spectra to determine electronic and optical properties of Fe–Ni alloy thin films. Journal of Electron
Spectroscopy and Related Phenomena, 206, 6-11.
General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Download date: 19. Apr. 2017
Journal of Electron Spectroscopy and Related Phenomena 206 (2016) 6–11
Contents lists available at ScienceDirect
Journal  of  Electron  Spectroscopy  and
Related  Phenomena
journa l h om epa ge: www.elsev ier .com/ locate /e lspec
Quantitative  analysis  of  reﬂection  electron  energy  loss  spectra  to
determine  electronic  and  optical  properties  of  Fe–Ni  alloy  thin  ﬁlms
Dahlang  Tahira,∗, Sukh  Kun  Ohb, Hee  Jae  Kangb,∗∗, Sven  Tougaardc,∗ ∗ ∗
a Department of Physics, Hasanuddin University, Makassar 90245, Indonesia
b Department of Physics, Chungbuk National University, Cheongju 362-763, Korea
c Department of Physics, Chemistry and Pharmacy, University of Southern Denmark, Odense M, Odense DK-5230, Denmark
a  r  t  i  c  l e  i  n  f  o
Article history:
Received 27 June 2015
Received in revised form 8 September 2015
Accepted 6 November 2015
Available online 19 November 2015
Keywords:
Fe–Ni
REELS
ELF
Electronic properties
Optical properties
a  b  s  t  r  a  c  t
Electronic  and  optical  properties  of  Fe–Ni  alloy  thin  ﬁlms  grown  on  Si  (1 0 0)  by ion  beam sputter  deposi-
tion  were  studied  via  quantitative  analyses  of reﬂection  electron  energy  loss  spectra  (REELS).  The  analysis
was carried  out  by using  the QUASES-XS-REELS  and  QUEELS-(k,ω)-REELS  softwares  to  determine  the
energy  loss function  (ELF)  and  the  dielectric  functions  and  optical  properties  by analyzing  the  experimen-
tal  spectra.  For  Ni, the ELF  shows  peaks  around  3.6,  7.5,  11.7,  20.5,  27.5,  67  and  78 eV. The  peak  positions
of  the ELF  for  Fe28Ni72 are similar  to  those  of  Fe51Ni49, even  though  there  is  a  small  peak  shift  from  18.5  eV
for Fe51Ni49 to  18.7  eV  for  Fe28Ni72.  A  plot of  n,  k, ε1, and  ε2 shows  that  the  QUEELS-(k,ω)-REELS  software
for analysis  of REELS  spectra  is  useful  for  the study  of  optical  properties  of  transition  metal  alloys.  For
Fe–Ni  alloy  with  high  Ni concentration  (Fe28Ni72), ε1, and  ε2 have  strong  similarities  with  those  of  Fe.
This  indicates  that  the  presence  of Fe  in  the  Fe–Ni  alloy  thin  ﬁlms  has a strong  effect.
© 2015  Elsevier  B.V.  All  rights  reserved.
1. Introduction
Quantitative surface analysis is one of the most efﬁ-
cient techniques for investigating surface-modiﬁcation processes
of technological importance, including surface oxidation and
alloy formation. Electron-energy-loss spectroscopy (EELS) and
reﬂection-electron-energy-loss spectroscopy (REELS) have pre-
viously been applied to quantitatively determine the inelastic
electron-scattering cross section in solids [1–12]. In order to do that
we need a clear understanding of the inelastic-scattering proper-
ties of electrons as they travel within the surface region of solids
[1–9]. For this purpose two softwares, QUASES-XS-REELS [6] and
QUEELS-(k,ω)-REELS [4], were developed by Tougaard and Yubero
[4]. The models adopted in these softwares also allow us to obtain
the energy loss functions (ELF) and from this the dielectric as well as
optical properties of a solid. The model has been tested experimen-
tally and found to be in good agreement with REELS and XPS (X-ray
photoelectron spectroscopy) experiments taken at different angles
of incidence and emission [3,5,13]. The method has been applied to
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ultrathin dielectric ﬁlms, semiconductors, metals and their oxides,
transparent oxide ﬁlms, and polymers [7,8,13–24].
The experimental inelastic cross section for electron-scattering
was obtained from the measured REELS spectra by using the model
described in Ref. [6] which has been implemented in the QUASES-
XS-REELS software [1,2,6].
In the present work, we  report on experimental inelastic-
scattering cross section for electron-scattering of Ni and Fe–Ni
alloys from REELS spectra for primary electron energies of 0.5, 1.0,
1.5 and 2.0 keV. We  ﬁrst use the QUASES-XS-REELS software to
determine the effective inelastic-scattering cross section at each
primary energy. Next we  apply QUEELS-(k,ω)-REELS software to
determine the dielectric function which best describes these cross
sections [1–5]. From this we  also determine the electronic and the
optical properties.
2. Experiments
Fe, Ni, and Fe–Ni alloy thin ﬁlms were grown on silicon wafers
by ion-beam sputter deposition (IBSD). The deposition chamber
was connected to a surface analysis system, and thus the chemi-
cal state and composition of the deposited ﬁlms could be analyzed
in situ by XPS. The target material was  sputtered by a 1 keV Ar+
ion beam produced by a Kaufmann-type D.C. ion gun, and it was
deposited on Si substrates at room temperature. The composi-
tion of the alloy thin ﬁlms was controlled by varying the relative
http://dx.doi.org/10.1016/j.elspec.2015.11.005
0368-2048/© 2015 Elsevier B.V. All rights reserved.
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sputtering areas of two  adjacent target materials using a movable
target holder. The ﬁlms were grown on 150 mm diameter Si wafers,
rotating with a speed of 30 rpm to assure thickness uniformity. The
ﬁlm thickness was controlled by selecting the growth time. The
grown ﬁlms had a physical thickness of ∼200 nm and were cut
into 10 mm × 10 mm specimens. Alloy thin ﬁlm samples were pre-
pared for a pilot study by the Surface Analysis Working Group of
Consultant Committee for Amount of Substance (CCQM), and the
compositions were certiﬁed by an isotope dilution method using
inductively- coupled plasma-mass spectrometry. The alloy com-
positions in atomic % between Fe and Ni are 78%:22%, 51%:49%,
and 28%:72%, respectively. The compositions measured with ex situ
XPS, AES, and SIMS measurements under various experimental con-
ditions agreed with the certiﬁed mean values to better than 2%.
The Ar ion beam sputtering for removing contaminations did not
change the composition nor induce sample in homogeneities on the
Fe–Ni alloy sample surface since there is almost no mass difference
between Fe and Ni. Details about the alloy composition of the Fe–Ni
thin ﬁlms can be found elsewhere [25]. In this experiment, 1 keV Ar
ion beam sputtering was carried out for removing the contamina-
tion on the sample surface before the REELS measurement. REELS
spectra of the samples were measured using an ESCAlab 210 instru-
ment and recorded at a constant electron pass energy of 20 eV.
3. Data analysis
The ﬁrst step in the analysis is to determine the effective exper-
imental inelastic cross section from the REELS spectra with the
QUASES-XS-REELS software [6]. This effective cross section Kexp
(ω) includes surface and bulk excitations and as pointed out in the
paper by Chorkendorff and Tougaard [6] it can contain small erro-
neous contributions from double surface and mixed surface and
bulk excitations. These effects are however negligible (except for
materials with a very narrow plasmon like Al [6]) since it has been
found in numerous studies that these experimental cross sections
are in good agreement with calculated theoretical single scattering
cross sections of the surface and bulk contributions (see e.g., Refs.
[7,8,13–24]).
For each REELS experiment the QUASES-XS-REELS software
determines the experimental cross section Kexp (ω) times the cor-
responding inelastic mean free path , i.e., Kexp (ω).
3.1. Determination of energy loss functions (ELF)
As the second step in the analysis, the experimental cross sec-
tions are compared to theoretical cross sections Kth(ω) calculated
with the QUEELS-(k,ω)-REELS software. The input in these calcu-
lations is the ELF for which we use an expansion in Drude–Lindhard
type oscillators [1–4];
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here Im
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is the imaginary part of the reciprocal
of the complex dielectric function. Ai,  i, ω and ˛i are the
oscillator strength, damping coefﬁcient, excitation energy, and
momentum–dispersion coefﬁcient of the ith oscillator, respectively,
and k is the momentum transferred by the inelastically scattered
electron to the solid. The step function (ω − Eg) is included to
describe the effect of the band gap Eg in semiconductors and insu-
lators. Here, (ω − Eg) = 0 if ω < Eg and (ω − Eg) = 1 if ω > Eg. The
value of ˛i is related to the effective electron mass so that, in the
present analysis, for oscillators corresponding to the valence elec-
trons in metals we  have used ˛i = 1 and for more tightly bound
core electrons with ﬂat energy bands ˛i = 0.02 [4,19]. The oscillator
strengths in ELF are adjusted to make sure that ε(k,ω) fulﬁll the
well-established Kramers–Kronig sum rule [2–4],
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where n is the refractive index in the static limit. For the Ni and
Fe–Ni alloys we have used 1/n2  1. We used as the upper inte-
gration limit, the maximum energy loss in the experimental REELS
and have thus ignored the small contribution from core electrons
with larger binding energy. We note here that for higher energy
loss Kexp rapidly approaches zero.
The parameters in the ELF were determined by a trial and
error procedure in which the parameters of a test ELF function
are adjusted until there is good agreement between the theoret-
ical Kth(ω) and experimental Kexp(ω) inelastic cross section
for all primary energies considered.
3.2. Determination of optical quantities from ELF
From the ELF we  can perform an analytical Kramers–Kronig
transformation of Im{1/ε} to obtain the real part Re{1/}  of the
reciprocal of the complex dielectric function, [1,5]
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From Im{1/}  and Re{1/},  the real and imaginary parts of
the dielectric function (ε = ε1 − iε2) and the refractive index N
(N = n − ik, where n is the refractive index and k the extinction coef-
ﬁcient) are as follows,
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Procedures to calculate these quantities from the ELF are
included in the QUEELS-(k,ω)-REELS software [4,5].
4. Results and discussion
Fig. 1 shows the comparison of the experimental inelastic-
scattering cross section Kexp (blue line) and theoretical inelastic
cross section Kth (red symbol line) for the studied Fe–Ni alloy
thin ﬁlms at primary electron energies of 0.5, 1.0, 1.5, and 2.0 keV.
The ELF oscillator parameters used to calculate Kth are listed in
Table 1.
The parameters used to model the ELF and surface energy-loss
function (SELF) for all materials considered are shown in Table 1.
Those parameters should be done for the REELS taken at highest
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Fig. 1. Experimental inelastic cross section Kexp for Fe–Ni alloys thin ﬁlms (blue line) obtained from REELS data compared to theoretical inelastic cross sections Kth (red
symbol line) evaluated using the simulated energy-loss function given by the parameters in Table 1. (For interpretation of the references to color in this ﬁgure legend, the
reader  is referred to the web version of this article.)
Table 1
Parameters used to model energy-loss functions of Fe [19], Ni and Fe–Ni alloys using
the  model in [3] to give the best ﬁt on the experimental cross section.
i ˛ωi (eV) Ai (eV2)  i (eV)
Fe (Eg = 0) ˛i = 1 for i ≤ 4)
˛i = 0.02 for i ≥ 5) from
Ref. [19])
1 9.4 13.2 8.0
2  16.5 79.5 8.5
3  23.6 261.6 10.0
4  30.5 33.2 5.8
5  56.0 24.2 2.7
6  58.0 28.7 3.2
7  66.8 138.0 16.0
8  92 47.4 10.0
78% Fe (Eg = 0) ˛i = 1 for
i ≤ 4) ˛i = 0.02 for i ≥ 5)
1 9.4 19.9 8.2
2  16.5 79.7 8.5
3  23.1 223.9 10.5
4  30.5 10.2 6.0
5  55.0 24.2 2.0
6  56.5 28.3 2.0
7  67.0 130.7 15.5
8  91.0 43.5 10.0
51% Fe (Eg = 0) ˛i = 1 for
i ≤ 4) ˛i = 0.02 for i ≥ 5)
1 8.4 5.4 6.5
2  12.2 37.7 7.5
3  18.5 116.6 9.5
4  26.5 199.1 12.5
5  55.5 55.4 3.0
6  67.0 77.7 8.0
7  91.0 89.6 10.0
28% Fe (Eg = 0) ˛i = 1 for
i ≤ 4) ˛i = 0.02 for i ≥ 5)
1 8.4 6.0 6.0
2  12.2 42.4 8.0
3  18.7 118.6 9.5
4  26.5 177.1 11.5
5  55.5 32.2 3.0
6  67.0 99.9 6.0
7  91.0 45.4 8.0
Ni (Eg = 0) ˛i = 1 for i ≤ 5)
˛i = 0.02 for i ≥ 6)
1 3.6 0.4 2.1
2  7.5 2.5 3.0
3  11.7 36.9 8.0
4  20.5 220.6 12.0
5  27.5 68.2 6.5
6  67.0 138.8 7.8
7  78.0 42.8 15.0
energy and the same parameter also we  apply for lowest energy.
After examination of the difference between theoretical Kth and
experimental Kexp, it is decided approximately what changes
should be made by the trial dielectric function to improve agree-
ment. We  repeat several times to observed deviation between
theoretical Kth and experimental Kexp. Finally, we decided those
parameters after getting the best overall agreement between the
theoretical Kth and experimental Kexp for all primary energies
for each material was  achieved. As seen in Fig. 1 good quantitative
agreement between the theoretical inelastic cross section Kth(E0,
ω) and the experimental inelastic cross section Kexp(E0, ω) was
found for all alloys. The fact that the same ELF gives good agreement
for all primary energies gives good conﬁdence in the validity of the
model and in the accuracy of the determined ELF’s. There is only
one exception to this good agreement namely for for Fe78Ni22 at
500 eV primary energy where the agreement is poor around 40 eV
energy loss. This might be due to the effect mentioned above of the
small difference in mixed surface and bulk excitations in the applied
algorithm compared with the experimental situation [6]. This is
however only expected when the plasmon loss is very narrow (like
for Al [6]) and has not been an issue in numerous previous REELS
analysis [7,8,13–24]. This small deviation was therefore ignored in
the ﬁtting procedure.
The ELF for pure Ni has 7 oscillators in the vicinity of 3.6, 7.5,
11.7, 20.5, 27.5, 67, and 78 eV. Comparison of the energy losses in
the present results with previous reports [12,26,27] suggests that
the energy loss peak at 7.5 eV is likely to be associated with the Ni
3d to Ni 4s transition or to a surface plasmon. This energy loss is
similar to the oscillator for Pd at 8.0 eV [19] and Cu at 7.1 eV [15].
The stronger loss at 20.5 eV seems to be due to a bulk plasmon due
to collective excitation of 4s and 3d electrons [16,17], which is also
reported in Ref. [28]. The energy loss at 27.5 eV is attributed to an
inter-band transition excitation of Ni 3d to 4s states [12,17]. The
energy loss at 67 eV corresponds to the M2,3 X-ray absorption edge
[12].
The determined ELFs (Table 1) for Ni and the Fe–Ni alloys used
as input parameters for the calculation of the theoretical cross-
sections presented in Fig. 1 are depicted in Figs. 2 and 3. In Fig. 2,
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Fig. 2. Energy loss functions (ELF) for Ni in this study compared with results from
Moravec et al. [29], Tokeshi et al. [30] and Werner et al. [31]. The strong deviations
from Werner’s result are explained in the text.
we compare our result for Ni to the ELFs published by Moravec
et al. [29], Tokesi et al. [30], and Werner et al. [31]. Fig. 2 shows
fair agreement with optical data for energy losses <30 eV, while it
shows signiﬁcant quantitative deviations for energy losses >30 eV.
The optical data of Ref. [29] were limited to energy losses <30 eV
and do not include excitations of Ni 3p and 3s electrons. Moravec
et al. [29] determined the in ELF from a quantitative analysis of the
optical conductivity, obtained from vacuum ultraviolet reﬂectome-
ter, and interpreted in term of coherent potential approximation
theory. Tokesi et al. [30], determined the ELF by a ﬁt to the experi-
mental optical data as compiled by Palik [32] using a sum of Drude
functions and they are interpolate ELFs for other energies. The data
of Werner et al. [31] in Fig. 2 were determined from an analysis of
two REELS spectra obtained from well-characterized clean surfaces,
measured at the primary electron energies E0 = 700 eV and 3400 eV.
The dielectric function is then determined by using a deconvolution
model and convolutions of the surface and bulk terms for multi-
ple scattering. A problem with this model was explained in Ref.
[19]; the surface term is assumed to be independent of the primary
energy and of the angle of electron trajectory to the surface normal,
which is unlikely to be true [2,3,33]. The authors use a procedure
(Eq. (27) in Ref.[31]) in which the statistical weight of the surface
term only counts 1% and the bulk term counts 99% for the ﬁnal ﬁt-
ting of the dielectric function. This subjective choice seems very
strange. These authors also admit that the reason why they have to
Fig. 3. Energy loss functions (ELF) and surface energy loss function (SELF) of Ni, Fe
from Ref. [19] and the Fe–Ni alloys determined in this study.
put such a small emphasis on the reliability of the surface term is
due to inaccuracies in their model for the surface term [31].
Unfortunately thorough tests of the validity of Werner’s model
do not seem to have been done. For example, no tests have been
published which show whether it provides consistent results when
applied to sets of REELS spectra taken at various combinations of
geometries and/or combination of the primary electron energies.
However it was found [33] that inconsistencies resulted when the
effective cross sections determined from REELS spectra from a wide
range of energies were ﬁtted by a linear combination of the surface
and bulk energy-loss functions (which is an assumption applied in
Werner’s model). Moreover, it has been shown [2,3] that the shape
of the energy loss distribution varies in a complex way both with
the depth where the individual electrons in a REELS experiment
are backscattered and with angle of emission [2,3]. These results
all point to the conclusion that an analysis of REELS at low primary
energies, expressed in terms of just two  ﬁxed functions, a bulk and
a surface excitation function (as is assumed in [31]) is insufﬁcient
for a quantitative description. It is therefore not surprising that the
model has deﬁciencies.
In contrast to this, the model that we have applied in this paper
has been shown in numerous experimental examples to give a con-
sistent dielectric function when applied to REELS taken with a wide
range of energies and a wide range of geometries [7,8,13–24].
For these reasons, we ascribe the differences between the
present results and those based on the REELS analysis in Ref. [31]
to deﬁciencies in the applied model of Ref. [31].
We  have no experience with the code and the model used for
the density functional theory (DFT) calculations in Ref. [31] and can
therefore not comment on the accuracy of these results.
For the Fe–Ni alloys (Fig. 3), we ﬁnd peak positions that originate
from the Ni and Fe in the alloy thin ﬁlms. As can be seen in Table 1
and Fig. 3, all peak positions for the alloy come from combination
of pure Fe [19] and Ni. For the alloy Fe78Ni22 with the highest con-
centration of Fe, the number of peaks is the same as that of pure Fe
but several peaks are shifted to lower energy and have a reduced
intensity. This is due to the decrease of Fe content and the corre-
sponding change in electronic structure with increasing Ni content.
The Fe51Ni49 alloy has 4 oscillators below 50 eV in the vicinity of
8.4, 12.2, 18.5, and 26.5 eV, which is somewhat different from those
of both Fe and Ni. Energy losses at 67.0 eV and 55.5 eV comes from
excitation of 3p electrons in pure Ni and pure Fe, respectively, which
appeared as peaks at 56.0, 58.0, and 66.8 eV for Fe and 67.0 eV for
Ni (see Table 1). The Fe28Ni72 alloy has 7 oscillators, which are very
similar to those of Fe51Ni49, with only a small shift from 18.5 eV for
Fe51Ni49 to 18.7 eV for Fe28Ni72 while the other peak positions are
the same. We conclude that the electronic structure of Fe51Ni49 is
very similar to that of Fe28Ni72.
The ELF’s are dominated by a plasmon peak due to the excitation
of the s and p valence electrons [12,13]. This is located at 23.6 eV
for Fe [19] and moves gradually to lower energies in Fe–Ni alloys
towards the bulk plasmon energy of Ni at 20.5 eV.
The strength of this oscillator also changes with the concentra-
tion of Fe and Ni. It is seen from Table 1, Figs. 2 and 3 that the
strength decreases with decreasing amount of Fe in the alloy from
261.6 eV2, 223.9 eV2, 199.1 eV2, and 177.1 eV2 for Fe, Fe0.78Ni0.22,
Fe0.51Ni0.49, and Fe0.22Ni0.78, respectively. We conclude that the
number of electrons contributing to the collective excitations
decrease with decreasing amount of Fe in the alloys [12].
Fig. 4 shows the real part ε1 and the imaginary part ε2 of
the dielectric function for Ni (upper panels) and for the Fe–Ni
alloys (lower panels). For Ni, the presently determined ε1 and ε2
are compared with the result of Werner et al. [31]. Large differ-
ences are evident. We  ascribe these mainly to deﬁciencies in the
model applied in Ref. [31] (see the detailed discussion above).
Looking now at the lower panels, the highest peaks for the real
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Fig. 4. Real part of the dielectric function (ε1) and imaginary part of the dielectric
functions (ε2) of Ni and Fe–Ni alloys determined in this study as a function of energy.
Also shown are the results obtained by Werner et al. for Ni via DFT calculations and
his  analysis of REELS taken at 700 eV and 3400 eV [31]. (For interpretation of the
references to color in this ﬁgure legend, the reader is referred to the web version of
this  article.)
part of the dielectric function ε1 are at 54.3, 51.91 eV, 53.47 eV,
53.57 eV, and 64.03 eV for Fe, Fe0.78Ni0.22, Fe0.51Ni0.49, Fe0.22Ni0.78,
and Ni, respectively. For the imaginary part of the dielectric func-
tion ε2, the highest peak are at 55.80, 53.74 eV, 54.93 eV, 55.16 eV,
and 66.42 eV for Fe, Fe0.78Ni0.22, Fe0.51Ni0.49, Fe0.22Ni0.78, and Ni,
respectively. The main peaks are shifted by 0.1–1.2 eV to higher
energy-loss positions with decreasing Fe content in the alloy thin
ﬁlms from Fe0.78Ni0.22 to Fe0.22Ni0.78. This result indicates that the
dielectric functions are not linearly dependent on Fe content in
the Fe–Ni alloys. The dielectric function for Fe–Ni alloy thin ﬁlms,
even when the ﬁlms contain 72% Ni, are closer to that of Fe rather
than that for Ni. In the absorption spectrum, which is related to ε2,
the transparency of the Fe–Ni alloys and the Ni thin ﬁlm for the
energy-loss region above the bulk plasmon peak is higher than for
the energy-loss region below the bulk plasmon peak [34,35]. This
result is consistent with the fact that, in this energy-loss region
(above the bulk plasmon peak), ε2 and k go to zero as can be seen
in Figs. 4 and 5.
Fig. 5. Index of refraction (n) and extinction coefﬁcient (k) of Ni and Fe–Ni alloys
determined in this study as a function of energy. Also shown is the optical data for
Ni  compiled by Palik [32].
The upper panels in Fig. 5 show the refractive index n and extinc-
tion coefﬁcient k as a function of energy loss for Ni (present work)
together with corresponding data from Palik’s handbook of optical
data [32]. For Ni, Palik’s compiled data are in reasonably good agree-
ment with the presently determined n, while for k the agreement
is good only for energy loss ≤20 eV. The origin of this is unknown.
However, note that Palik took and compiled data from different
publications. Note also that the data are ∼35–45 years old and may
be subject to experimental uncertainties caused, e.g., by surface
contamination. The refractive index n and extinction coefﬁcient
k for the Fe–Ni alloys have magnitudes and peak positions that
are different from those of pure Fe and pure Ni. From our results
we conclude that the intensities, shapes, and peak positions of the
dielectric function (ε1 and ε2), refractive index (n) and extinction
coefﬁcient (k) for Fe–Ni alloys are different from those of pure Fe
and Ni even for an alloy with 72% Ni.
5. Conclusions
In this work, based on a model proposed by Tougaard and
Yubero, a quantitative analysis has been made of REELS spectra
obtained from Ni and Fe–Ni alloy thin ﬁlms at primary electron
energies of 0.5, 1.0, 1.5 and 2 keV. The ELFs for Ni and Fe–Ni alloy
thin ﬁlms were determined quantitatively by comparing the cross
section for electron inelastic scattering from a theoretical calcula-
tion to that derived from experimental REELS spectra. The optical
properties of Ni and Fe–Ni alloys have been determined from the
ELFs and yielded good agreement with other results. The peak
shapes and energy-loss positions of the ELF, ε1, ε2, n, and k indi-
cate that the presence of Fe has a strong effect on the dielectric and
optical properties of Fe–Ni alloy thin ﬁlms even for an alloy with
72% Ni. The plot of ε1, ε2, n, and k show that REELS spectroscopy
is a powerful method for the determination of optical properties of
transition-metal alloys.
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